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(57) Abstract L 

Method for determining the anaesthetic depth of a patient, comprising the repeated administering of sensory stimuli to the 
patient; the repeated, non-invasive recording of the electrical activity of the patient's brain during a measurement interval follow- 
ing each stimulus; the computation, from a number of measurement intervals, of a representation of the response of a sensory 
neural pathway to a single stimulus; and the determination of the latencies and amplitudes of maxima and minima in the repres- 
entation, which are a measure of the anaesthetic depth, wherein the measurement intervals are chosen such that they partially 
overlap one another. Preferably the length of time between two successive stimuli is a stochastic variable having a negative expon- 
ential distribution, the computed representation being the first order kernel. 
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Method for determining anaesthetic depth 

5 

The invention relates to a method for determining the anaes- 
thetic depth of a patient, comprising the following steps: 

the repeated administering of sensory stimuli to the patient; 
the repeated, non-invasive recording of the electrical 
10 " activity of the patient 1 s brain during a measurement interval 

following every stimulus; 

the computation, from a number of measurement intervals, of a 

representation of the response of a sensory neural pathway to 

a single stimulus; and 
15 - the determination' of the latencies and amplitudes of maxima 

and minima in the representation, which are a measure of the 

anaesthetic depth. 
A method of this type is known in practice. 

Modern anaesthetic techniques frequently make use of 
20 . combinations of substances having different effects. By this means 
the four aspects of anaesthesia, that is to say unconsciousness, 
suppression of the perception of pain stimuli (analgesia), 
reduction of autonomic reflexes and suppression of muscular 
functions (relaxation) can be regulated more or less independently 
25 of one another. The original way of determining the anaesthetic 
depth on the basis of clinical observations and measurements can, 
however, no longer be used in this case. To still provide a 
reliable indication of the anaesthetic depth, in order, inter alia, 
to prevent the patient regaining consciousness during the 
30 operation, new techniques for determining the anaesthetic depth are 
being sought. 

A technique of this type is the method mentioned in the 
preamble. With a method of this type, the electrical response of a 
sensory neural pathway as a result of a sensory stimulus is 
35 measured. This response is distinguished by a characteristic 

sequence of maxima and minima. Groups of these maxima and minima 
are classified in components on the basis of their neurological 
generators. The brain stem components are, for example, generated 
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in the brain stem and the middle latency components in the midbrain 
and the primary cerebral cortex. As the anaesthetic depth 
increases, the latency of the components, that is to say the time 
period between the administering of the sensory stimulus ' and the 
5 occurrence of a specific minimum or maximum in the electrical 

response, increases, while in general the amplitude of the minimum 
or maximum decreases. Consequently, the latency and the amplitude 
of the response can be used as a measure of the anaesthetic depth. 
However, with this procedure the problem arises that the 
10 amplitude of the response is very many times smaller than the 
amplitude of the spontaneous activity generated by the brain. 
Since, with respect to the measurement of the response, this 
spontaneous activity can be regarded as noise, the desired signal 
has a very poor signal-to-noise ratio relative to the measured 
15 signal, the electroencephalogram (EEG). In the case of the known 

method, the signal-to-noise ratio is improved by averaging a large 
number, for example 1,000, measured responses. In principle the 
noise is averaged out because of this, so that an "average 
response" results which is representative for the response to a 
20 single stimulus and which has a good signal-to-noise ratio. The 
latency and the amplitude of specific components in the response 
can now be determined with sufficient accuracy from this "average 
response" • 

In order to obtain a reliable result, the measurement 
25 intervals according to the known method are chosen such that no or 
only minimal interference occurs between the successive responses, 
that is to say a stimulus is administered only when the response to 
the preceding stimulus has virtually completely vanished. With this 
procedure, however, the problem arises that the total measurement 
30 time required is long. In the case of administering, for example, 
ten stimuli per second, a measurement time of one hundred seconds, 
that is to say almost two minutes, is needed for averaging one 
thousand measurement intervals. This measurement time is too long 
for most applications. 
35 The aim of the invention is to overcome this disadvantage and 

to provide a method with which the anaesthetic depth can be 
determined accurately in an appreciably shorter period. To this 
end, the method according to the invention is characterised in that 
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the measurement intervals are chosen such that they partially 
overlap one another. 

As a result of the partial overlapping of the measurement 
intervals, the average frequency with which the stimuli are 
5 administered can be much higher, for example one hundred stimuli 
per second. For the number of one thousand measurement intervals, 
the total measurement time is consequently only ten seconds. 

In the case of overlapping measurement intervals, 
interference can arise between two or more successive responses. 

10 The adverse effect of interfering responses on the measurement 
results can be reduced by randomly varying the length of time 
between two successive stimuli, that is to say by choosing a 
stochastic variable for said length of time. However, the 
interference' can then still result in an inadmissible distortion of 

15 the signal shape determined from the measurement intervals. 

According to the invention, the interference between successive 
responses in the case of overlapping measurement intervals is 
averaged out if the (stochastic) length of time between two 
successive stimuli is chosen such that said length of time has a 

20 negative exponential distribution. 

A further problem which can arise in the case of overlapping 
measurement intervals is the fact that the neural pathway for which 
the response is measured starts to behave as a non- linear system. 
In the case of the averaging of the signals recorded in the 

25 measurement intervals, which is known from the prior art, it is 

assumed that the neural pathway constitutes a linear system. This 
signifies that because of the non-linearities the averaging process 
known from the prior art can yield an inaccurate result. According 
to the invention this problem is avoided by computing the 

30 representative response on the basis of a non-linear model of the 
neural pathway. To this end the method according to the invention 
is characterised in that the computed representation is the first 
order kernel. 

Various senses can be stimulated to generate the responses to 
35 be measured. In the case of the method according to the invention, 
it is preferably the hearing which is stimulated, since this can be 
carried out simply without adverse consequences for the patient. 

The method according to the invention will be illustrated in 
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more detail below with reference to a preferred embodiment, for 
which by way of illustration: 

Figure 1 shows an electroencephalogram with the sensory 
stimuli administered and the associated measurement intervals, and 
5 Figure 2 shows a few shapes of a computed representation for 

various levels of anaesthetic depth. 

Earphones which produce clicking noises are used for 
* administering sensory stimuli. The times at which the clicks occur 
are chosen randomly, specifically in such a way that the length of 
10 time between two successive clicks is a stochastic variable with a 
negative exponential distribution. Consequently, the number of 
clicks occurring within a fixed time interval is a stochastic 
variable having a Poisson distribution. A series of time intervals 
having a negative exponential distribution can be obtained by means 
15 of an algorithm such as is described in "The Art of Computer 

Programming", part 2, by D.E. Knuth (Addison Wesley, 1969). On 
average, approximately one hundred clicks are supplied per second. 
Each click is followed by a measurement interval approximately 
80 msec long. This is shown schematically in Figure 1 , in which the 
20 time in milliseconds is shown on the horizontal axis and the signal 
amplitudes in microvolts on the vertical axis. Here the start times 
of each of the measurement intervals S1-S11 shown coincide with the 
times at which the clicks C1-C11 occur. E is the continuously 
recorded electroencephalogram, a section of which is each time 
25 processed separately, in each of the overlapping intervals S1-S11. 
The electroencephalogram is recorded with the aid of 
electrodes, of which one is applied to one of the patient's ears, 
one on the top of the skull and one as a reference electrode on the 
forehead. The recorded signal is digitalised and stored 
30 electronically. The first order kernel is then determined by means 
of the expression: 

1 1 N 

h^T) = - . - . 2 Yl (t) . {x(t-T)-o} 
35 o N 0 

where: 

h-,(T) is the first order kernel at time T 
o is the average stimulus frequency 
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N is the number of measurement intervals 
y.,(t) is the measured signal in measurement interval i 
x(t) is the signal supplied to the earphones. 

Figure 2, in which, once again, the time in ms is plotted on 
5 the horizontal axis and the signal amplitudes in jiV on the vertical 
axis, shows a few first order kernels computed in this way for 
various levels of anaesthetic depth. In particular in the case of 
the low-frequency component, it can clearly be seen how both the 
amplitudes and the times of occurrence of specific maxima and 

10 minima change as the anaesthetic depth changes. 

The computation of the first order kernel can be carried out 
during the recording of the electroencephalogram, that is to say 
the values of y^t) for a specific measurement interval are 
processed in the computation as soon as they are available. A 

15 further gain in speed is achieved in this way, since the first 

order kernel will now be available virtually immediately after the 
final measurement interval. The storage of the measurement data and 
the execution of the computation of the first order kernel can be 
carried out by means of time sharing on a single processor, if 

20 necessary assisted by a mathematical co-processor. Of course, two 
independent processors can also be used. 

The latency and amplitude of the first order kernel, which 
for linear systems is identical to the pulse response, are 
determined at the times at which minimum and maximum amplitudes 

25 occur. The latencies and amplitudes can be compared with latencies 
and amplitudes measured before the narcosis, the increase in the 
latency and the decrease in the amplitude being a measure for the 
anaesthetic depth. The amplitude of the first order kernel 
decreases to a lesser extent as the anaesthetic depth increases 

30 than does the amplitude of the pulse response employed in the prior 
art. Consequently, the first order kernel has a better signal-to- 
noise ratio for a greater anaesthetic depth than does the pulse 
response . 

An apparatus for carrying out the method according to the 
35 invention comprises a pulse generator for generating pulses, which 
are administered to the patient as sensory stimuli by means of a 
transducer. Thus, for example, short-duration pulses can be 
supplied to earphones, which pulses are converted to clicks by the 
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earphones. In this case the pulse generator is preferably designed 
such that the number of pulses occurring within a specific time 
interval is preferably a stochastic variable having a Poisson 
distribution. A pulse generator of this type can be a programmable 

5 pulse generator or a pulse generator with a fixed algorithm for 
generating pulses with the desired distribution. 

An apparatus of this type also comprises amplifiers for 
amplifying the EEG signals, recorded with the aid of electrodes, 
and analogue-to-digital converters for digitalising said signals. 

10 Furthermore, storage means, such as a RAM memory or a magnetic 

disc, are provided for storing the. digitalised signal and a proces- 
sing omit is also provided. The processing unit, which can be a 
general purpose computer, computes a representation of the response 
of a sensory neural pathway to a single stimulus from the signal 

15 values within a large number of measurement intervals synchronised 
with the stimuli. With this procedure the measurement intervals 
will partially overlap one another, so that the processing unit 
will use some signal values in the computation several times. 
Preferably, the processing unit is programmed such that the 

20 computed representation is the first order kernel. The apparatus 
for carrying out the method according to the invention also 
comprises output means, such as a screen, for displaying the 
computed representation. The apparatus can optionally comprise 
means for the direct computation of the latency and the amplitude 

25 from the representation, output means then being present for dis- 
playing the computed values. 
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1. Method for determining the anaesthetic depth of a patient, 
comprising the following steps: 

5 - the repeated administering of sensory stimuli to the patient; 
the .repeated, non-invasive recording of the electrical 
activity of the patient's brain during a measurement interval 
following each stimulus; 

the computation, from a number of measurement intervals, of a 
10 representation of the response of a sensory neural pathway to 

a single stimulus; and 

the determination of the latencies and amplitudes of maxima 
and minima in the representation, which are a measure of the 
anaesthetic depth, 
15 characterised in that the measurement intervals are chosen such 
that they partially overlap one another. 

2. Method according to Claim 1, in which the length of time 
between two successive stimuli is a stochastic variable, 
characterised in that this stochastic variable has a negative 

20 exponential distribution. 

3. Method according to Claim 1 or 2, characterised in that the 
computed representation is the first order kernel. 

4. Method according to one of the preceding claims, 
characterised in that the sensory stimuli are auditory stimuli. 

25 5. Apparatus for carrying out a method according to. one of the 
preceding claims, comprising: * 

means for generating sensory stimuli having a random time 
distribution; 

means for the non- invasive recording, during a number of 
30 measurement intervals, of the electrical activity of the 

patient's brain; 

means for converting the recorded electrical activity into 
digital values; 

means for computing the representation of the response of a 
35 sensory neural pathway to a single stimulus; and 

means for displaying the representation, 
characterised in that the said means for generating the sensory 
stimuli are arranged such that the length of time between two 
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B 

successive stimuli has a negative exponential distribution, and in 
that the said means for recording arrange the measurement intervals 
such that said intervals partially overlap one another. 
6. Apparatus according to Claim 5 f characterised in that the 
5 said means for computing the representation, arranged for the 
computation of the first order kernel. 
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